neurons of Layer 4 are arrayed in a stereotyped pattern of identifiable cytoarchitectonic units-the "barrels"-each of which corresponds to one of the contralateral mystacial vibrissae (Woolsey and Van-der-Loos, 1970; Welker, 1976 
at an appropriate depth beneath the pial surface, we is very similar (White, 1978; Simons and Woolsey, 1984) . For comparison, we made similar histological sections produced a tangential slice of the entire barrel field that primarily contained Layer 4 ( Figure 1A ). In the one slice of coronal slices through the barrel cortex, and in these we could clearly distinguish the various layers and the from each hemisphere that included this layer, the typical barrel organization could be clearly visualized at typical shape of pyramidal cell bodies ( Figure 2B ). Cortical neurons have also been classified according low magnification. Higher magnification IR-DIC video microscopy revealed individual small neurons (Figure to spike generation pattern during a prolonged intracellular stimulus pulse (Connors and Gutnick, 1990 ). Whole-1B) whose somatic morphology was clearly distinguished from the pyramidal-shaped neurons typical of cell recordings in current-clamp mode were made from 82 neurons; 81 of these were of the "regular spiking" type coronal slices.
The height of barrels in fixed tissue from mice older ( Figure 1C ), and one was a "fast spiker." Intracellular staining with biocytin revealed that the single fast spikthan P20 is 120-125 m (White et al., 1997). In order to evaluate the extent to which cells from other layers were ing neuron was a nonspiny cell (data not shown). Another anatomically identified nonspiny cell, however, had a also present in the 300-400 m tangential slices we studied, we prepared Nissl-stained sections (1 m thick) typical regular spiking firing pattern. No "intrinsic bursters" were encountered in the tangential slice, although through the edge of slices that had previously been used for electrophysiological experiments (Figure 2 ). Light mithey are regularly seen in deeper layers in coronal sections under the same experimental conditions. croscopic examination revealed that the outer 50-100 m of the slice, corresponding to the border between Layer 4 and Layers 3 and 5, respectively, was considerSynchronous Network Discharges in Disinhibited Tangential Slices ably damaged and contained few somata. In the middle of the slice, the vast majority of cell bodies had morphoIn order to focus on recurrent excitatory synaptic activities within Layer 4, we added 10 M bicuculline methiological features typical of spiny stellate cells: they were round in shape, less than 10 m in diameter, and posdide (BMI) to the bath and thereby blocked GABA A receptor-mediated inhibition. Under these conditions, field sessed only a thin rim of cytoplasm containing little Nissl substance (Simons and Woolsey, 1984; potential recordings revealed synchronous network discharges, which occurred spontaneously or were elicited 1997) (Figure 2A) . Larger, roundish somata containing relatively more cytoplasm were also encountered; these in an all-or-none manner by low frequency extracellular stimulation (Figure 3 ). These paroxwere presumably smooth or sparsely spiny stellate neurons, which are reported to constitute about 20% of Layer ysmal waves spread throughout the slice, propagating slowly from barrel to barrel with a mean velocity of about 4 cells (Simons and Woolsey, 1984; White et al., 1997) . A third cell typical of Layer 4, the "star pyramid," would 4 mm/s. Extensive study of the effects of GABA A blockade on not be distinguishable from spiny stellate cells in these sections, since the somatic morphology of the two types coronal neocortical slices has shown that generation of synchronized epileptiform discharges under these conin polysynaptic chains of Layer 4 neurons within and between barrels, and that this was dependent on activaditions is an emergent manifestation of excitatory synaptic interaction within the local neuronal population tion of NMDA receptors. The result was unexpected because the experiments were carried out with 2 mM Traub et al., 1993; Golomb and Amitai, 1997) . In the present experiments, it must reflect Mg 2ϩ in the bath, which generally causes NMDAR-mediated responses in cortex to be extremely voltage deactivation of excitatory synapses between Layer 4 neurons, which comprise both the presynaptic and the postpendent and largely suppressed at negative membrane potentials (Nowak et al., 1984) . We considered the possynaptic elements within the confines of the tangential slice.
sibility that the prominence of NMDAR-mediated responses in this preparation might reflect a more depolarSurprisingly, NMDA-type glutamate receptors were both necessary and sufficient to generate and sustain ized resting membrane potential (V rest ) for spiny stellate neurons. True V rest cannot be measured using recording the paroxysmal discharges in the Layer 4 slice. Thus, although they were not obviously affected by exposure techniques that disrupt the membrane, because these either cause a leak (sharp electrodes) or dialyze the cell to the specific AMPAR blocker, CNQX (20-40 M) (n ϭ 42 slices), addition to the bath of 40 M APV-a specific (whole-cell recordings). In order to circumvent these problems, we estimated V rest from cell-attached re-NMDAR blocker-reversibly caused a gradual decrease in the amplitude of the paroxysmal wave, with a concomcordings of single K ϩ channels under conditions of near symmetrical K ϩ ion distribution across the membrane itant increase in rise time and latency, culminating in total blockade ( Figure 4A when perfused with Cs ϩ , as in these experiments. InThe above evidence indicated that even at negative V rest , deed, if this were the reason for the observed difference, the NMDAR-mediated conductance is powerful enough we would expect it to be even more prominent in Layer to depolarize the membrane to spike threshold and initi-5 neurons, which are larger and have a much more ate synchronous activity. This suggested that either the elaborate dendritic tree. Moreover, current-clamp re-NMDAR density is exceedingly high in these cells or cording from Layer 4 neurons at Ϫ70 mV revealed CNQX-resistant slow sEPSPs that were completely and NMDA receptors in synapses that these cells form with We have used brain slices that are sectioned in a plane dependent block of EPSCs elicited by weak stimuli as that allows us to examine the local circuitry of Layer 4 compared to those evoked by strong stimuli. In the exin isolation, and we have discovered two unexpected ample of Figure 7A , following a 20 A stimulus, inward features of excitatory synaptic interactions within the current was greatest at about Ϫ25 mV and was negligilamina: (1) EPSCs intrinsic to Layer 4 are mediated ble at Ϫ70 mV, whereas with a 50 A stimulus it was largely by NMDA receptors, and (2) some of the NMDA maximal at about Ϫ45 mV and still quite significant at receptors involved have unique voltage-dependent prop-Ϫ70 mV. In the same experiment, the current at Ϫ70 mV erties such that they do not require prior depolarization induced by the higher stimulus strength was completely for activation. Both of these findings point to an exand reversibly blocked by APV (Figure 7B Axons of all neurons in mouse barrels ramify considerdischarge is initiated. We may also exclude the possibility that the synchronous population event is generated ably within Layer 4. Harris and Woolsey (1983) reported that before the axon of a spiny stellate neuron descends by nonsynaptic interactions between Layer 4 neurons, as has been described for hippocampal slices under from Layer 4 toward the white matter, it gives off numerous local collateral branches that are usually confined specific experimental conditions (Konnerth et al., 1986 ). Were this to be the case, appearance of the discharges to the same barrel. Serial electron microscopic study reveals that there are about 500 asymmetrical synapses would not be contingent on blockade of synaptic inhibition, nor would their generation be prevented by a onto a spiny stellate cell, that virtually all of these presumed excitatory inputs are onto spines, and that less pharmacological agent such as APV, whose only known effect is to block a form of excitatory synaptic transmisthan 15% are with thalamocortical afferents (White and Rock, 1980) . Much of the remaining 85% of the excitsion. We conclude that the epileptiform discharge and its propagation in the disinhibited tangential slice indiatory input is from other spiny stellate neurons ( 
Paroxysmal Discharges Reflect Recurrent Individual Layer 4 Neurons Contain at Least Excitatory Synaptic Connectivity Two Distinct Types of NMDAR within Layer 4
In studies of super-and subgranular neocortical neuCellular mechanisms underlying the synchronous parrons, cortico-cortical EPSPs were found to consist of a oxysmal discharges that are induced by blockade of rapid initial phase, which is mediated by AMPA recep-GABA A synapses have been studied extensively, and it tors, and a subsequent slower phase, which is NMDAR is generally accepted that they represent an emergent dependent ( 
